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ABSTRACT 


The effects of cytokinins and gibberellic acid on the inhibition of growth by abscisic 
acid was investigated in Spirodela oligorrhiza. Yhe cytokinins; benzyladenine, kinetin and 
6-y, y-dimethylallalylaminopurine reversed the inhibitory effect of abscisic acid on growth, 
although they were not equally effective in doing so. Benzyladenine was the most effective 
in overcoming growth inhibition by abscisic acid. Gibberellic acid, however, proved in- 
effective in reversing the inhibitory effect of abscisic acid. The apparent increases in growth 
obtained in a number of cases may result from the fact that gibberellic acid stimulates 
growth; it probably does not involve an interaction with abscisic acid. 


UITTREKSEL 


DIE INVLOED VAN SITOKINIEN EN GIBBERELLIEN OP ABSISSIENSUUR- 
GEINDUSEERDE GROEISTREMMING BY SPIRODELA. Die invloed van sitokiniene 
en gibberelliensuur op absissiensuur-geinduseerde groeistremming by Spirodela oligorrhiza 
is ondersoek. Die inhiberende effek van absissiensuur op groei is oorkom deur kinetien, 
bensieladenien en 6-y, y-dimetielallalielaminopurien. Van die drie sitokiniene was bensie- 
ladenien die doeltreffendste om die inhiberende werking van absissiensuur te oorkom. 
Gibberelliensuur kon nie die inhiberende werking van absissiensuur oorkom nie. Die 
skynbare toename in groei wat in 'n aantal gevalle opgemerk is, is waarskynlik toe te skryf 
aan die feit dat gibberelliensuur groei stimuleer, en nie as gevolg van ’n interaksie met 
absissiensuur nie. 


INTRODUCTION 


A number of investigations have shown that the inhibitory effects of abscisic 
acid on protein synthesis, germination and growth can be overcome by the 
cytokinins (Van Overbeek, Loeffler and Mason 1967, Khan 1968, Khan and 
Downing 1968, Sankhla and Sankhla 1968, Khan 1969). When applied together 
with abscisic acid, benzyladenine and other purine derivatives have been found 
to reverse to a large extent the inhibitory effect of abscisic on the growth of 
Lemna minor (Van Overbeek er al. 1967, Van Overbeek 1968). However, this 
antagonism was not shown by gibberellic acid which appeared to have no 
promotive effect on the growth of Lemna in either the presence or absence of 
abscisic acid. Khan (1968) showed that the gibberellin-induced germination of 
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Grand Rapids lettuce seed in the dark was inhibited by abscisic acid. This 
inhibition was reversed by kinetin and benzyladenine, but not by an excess of 
gibberellin. Likewise, gibberellin failed to counteract the inhibition by abscisic 
acid of oc-amylase synthesis and coleoptile growth in intact barley seeds, 
although in combination with kinetin it caused a nearly complete reversal of 
oc-amylase synthesis. This combination of kinetin and gibberellin, however, 
was unable to bring about the complete reversal of the abscisic acid-inhibited 
coleoptile growth. Kinetin possibly acts by removing the abscisic acid inhibition 
of enzyme specific sites thereby allowing gibberellic acid to function to produce 
oc-amylase (Khan and Downing 1968). 

Chrispeels and Varner (1966), on the other hand, have reported that gib- 
berellin-induced oc-amylase synthesis in excised barley aleurone is inhibited 
by abscisic acid but partially reversed by excess gibberellin. Villiers’ (1968) 
microautoradiographic study of the effects of abscisic acid and gibberellin on 
dormancy in Fraxinus lends support to the suggestion by Thomas, Wareing 
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Effect of increasing concentrations of abscisic acid, gibberellic acid, kinetin, indoleacetic 
acid, and benzyladenine on the dry weight of Spirodela. Each point on the curves represents 
the mean of six replications. (L.S.D. = Least significant difference.) 
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and Robinson (1965) and Aspinall, Paleg and Addicott (1967) that abscisic 
acid acts antagonistically towards gibberellin. 

In view of the antagonisms which have been established and the apparent 
anomalies in connection with the actions and interactions of abscisic acid, 
gibberellin and the cytokinins, it was decided to examine some of the effects 
of the hormones applied, alone and in combination with one another, on the 
growth of Spirodela. 


MATERIAL AND METHODS 


Spirodela oligorrhiza (Kurz) Hegelm. was grown in 50 ml erlenmeyer flasks 
in 30 ml sterile, full-strength Hoagland’s solution containing the various test 
compounds. The nutrient solution was adjusted to pH 4-6 before the addition 
of the different hormones. Fe-EDTA was used as a source of iron. Each flask, 
containing six sterile two-frond plants, was aerated for 45 minutes twice daily 
with air sterilized by passing it through a Swinnex adapter fitted with a Millipore 
GS 0: 224 filter disc. The cultures were maintained at 24+2°C under a 16 hour 
photoperiod of ca. 3-0 x 10% Im/m?. Each treatment consisted of six replica- 
tions. Growth was measured as the increase in dry weight 12 days following 
their introduction into the culture medium. 

Kinetin (6-furfurylaminopurine), 6-benzylaminopurine (BA) and 6-y, 
y-dimethylallalylaminopurine (DMAAP) were purchased from California 
Corporation for Biochemical Research. Gibberellic acid (potassium salt) 
(GA) was obtained from Koch-Light Laboratories, England. (RS)-abscisic 
acid (ABA) was donated by R. J. Reynolds Tobacco Company, North Carolina, 
U.S.A. 


RESULTS AND DISCUSSION 


Effects of abscisic acid, kinetin, indoleacetic acid, gibberellic acid, and 
benzyladenine on growth. The effects on the growth of Spirodela of ABA, IAA, 
GA, BA and kinetin applied singly at different concentrations are shown in 
Figure 1. Abscisic acid strongly inhibited growth at concentrations of 0-1 to 
10-0 mg/l. As previously reported it accelerated growth at a concentration of 
1078 mg/l (Van Staden and Bornman, 1969). 

At a level of 10-0 mg/l, kinetin, BA and IAA reduced growth while GA 
resulted in an increase in dry weight. Van Overbeek er al. (1967), however, 
reported that GA had no such effect on the growth of L. minor. Concentrations 
of 0-1 mg/l and 1-0 mg/l of kinetin also resulted in decreases in the dry weight 
of Spirodela whereas at the same levels BA accelerated growth by about 22 
per cent over that of the control. These results obtained for IAA and BA are 
in agreement with those reported by Van Overbeek et al. (1967) for Lemna. 
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FIG. 2. 


A. Effects of three concentrations of gibberellic acid and kinetin on the dry weight of 

Spirodela in the presence of 0:1 mg/l ABA. B. Effects of three concentrations of gibberellic 

acid and cytokinins (BA, kinetin, DMAAP) on the dry weight of Spirodela in the presence 

of 1 mg/l ABA. Each point on the curves represents the mean of six replications. (L.S.D. 
= Least significant difference.) 


It must, however, be pointed out that in those cases where relatively high 
concentrations (1-0 and 10-0 mg/l) of IAA were applied the auxin was apparent- 
ly photo-inactivated. This severely affected the growth of the plants. It was 
therefore decided not to use IAA in further experiments. Concentrations of 
the hormones below 0-1 mg/l generally appeared to have very little effect on 
growth. 

Effects of cytokinins and gibberellin on the inhibition of growth by abscisic 
acid. As shown in Figure 1 abscisic acid greatly inhibited growth at levels of 
10-0, 1-0, and 0-1 mg/l. The comparative effects of some cytokinins and GA, 
on ABA-inhibition of growth at different levels are shown in Figure 2. Figure 
2A shows that the inhibitory effect of 0-1 mg/l ABA was significantly reversed 
by 1:0 mg/l kinetin but not by 10-0 mg/l. This decrease in the response to 
kinetin can probably be attributed to the fact that kinetin at 10-0 mg/l inhibits 
the growth of Spirodela (Figure 1). Where ABA was supplied at the rate o! 
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1-0 mg/l its inhibitory effect on growth was reversed only by BA at 0-1 and 1-0 
mg/l (Figure 2B). Otherwise, the compounds tested had no significant effect 
on the growth inhibition by ABA. Another interesting observation, also re- 
ported by Khan and Downing (1968), is that with an increase in ABA concen- 
trations, kinetin becomes less effective in reversing growth inhibition by this 
regulator. 

Of the three cytokinins investigated, BA was the most effective while 
DMAAP was the least effective in reversing ABA-inhibited growth. A very 
interesting observation is the striking similarity shown by the curves for kinetin, 
BA and DMAAP. These curves agree closely with those published by Khan 
(1969) for the reversal of ABA-inhibited growth by kinetin and BA in barley 
seed. 

Khan (1969) postulated that the slight increase in coleoptile growth of barley 
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Fic. 3. 
The effect of increasing concentrations of: A, gibberellic acid in the presence of 1 mg/l 
each of ABA and BA; B, benzyladenine in the presence of 1 mg/l each of ABA and GA; 
and C, abscisic acid in the presence of 1 mg/l each of BA and GA; on the dry weight of 
Spirodela after 12 days growth. Each point on the curves represents the mean of six repli- 
cations. (L.S.D. = Least significant difference.) 
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by GA plus ABA over ABA alone may reflect an overall stimulation of growth 
by GA and is probably not a true reversal of ABA inhibition by GA. The present 
results may perhaps be interpreted similarly (compare Figures 1 and 2B). 

Because no decisive result was obtained as to whether GA could overcome 
the inhibitory effect on growth by ABA, it was decided to investigate the com- 
bined effects of ABA, BA, and GA on the growth of Spirodela. 

If Spirodela was grown in the presence of 1:0 mg/l each of ABA and BA, 
growth was 65 per cent of normal. However, with the addition of 1-0 mg/l of 
GA growth was increased to 82 per cent of normal. This showed that BA and 
GA combined cannot completely counteract the effect of ABA (Figure 3A). 
Khan and Downing (1968) reported that a combination of GA and kinetin 
did not bring about the reversal of ABA inhibition of coleoptile growth to any 
greater extent than that achieved by the two hormones separately. The present 
findings seem to indicate that although GA is unable to overcome the inhibitory 
effect of ABA on its own, it may do so in combination with the cytokinins. It 
is, however, also possible that this increase in dry weight was the result of in- 
creased growth and is not a reflection of an interaction between ABA and GA. 
Sankhla and Sankhla (1968), reported that although GA was completely in- 
effective in reversing the inhibition of germination of lettuce seeds caused by 
ABA, it exerted a stimulating effect on seedling growth as a result of which the 
seedlings exhibited an increased hypocotyl elongation. 

Where Spirodela was grown in the presence of 1-0 mg/l each of ABA and 
GA an increase in the concentration of BA progressively increased growth 
(Figure 3B). Benzyladenine and GA (1:0 mg/l of each) stimulated growth 
above the normal level. Abscisic acid at concentrations of 107? and 10 mg/l 
did not counteract the combined effects of BA and GA. However, it was 
effective at 1-0 mg/l (Figure 3C). 
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